Erythrocytes provide material that is readily available from human subjects and from which membrane preparations can be made for biochemical studies. Such preparations have been used for the study of various clinical and metabolic conditions. To evaluate such studies it is important to know whether a single membrane preparation provides sufficiently reliable information to judge possible changes in serial samples from the same subject. Our study describes the estimation of three ATPaseS activities in erythrocyte-membrane preparations and their variation in membranes prepared from three subjects over a period of 5 weeks.
Variation in Adenosine Triphosphatase Activities in Serial Preparations of Human Erythrocyte Membranes
Erythrocytes provide material that is readily available from human subjects and from which membrane preparations can be made for biochemical studies. Such preparations have been used for the study of various clinical and metabolic conditions. To evaluate such studies it is important to know whether a single membrane preparation provides sufficiently reliable information to judge possible changes in serial samples from the same subject. Our study describes the estimation of three ATPaseS activities in erythrocyte-membrane preparations and their variation in membranes prepared from three subjects over a period of 5 weeks.
Human erythrocyte membranes were prepared by the method of Dick et al. (1969) from heparinized 10-20ml samples of blood collected by venepuncture. After centrifugation at l000g for 4min, the plasma was discarded and the cell pellet then washed three times in ice-cold iso-osmotic 156rn~-NaCl/Srn~-buffered Tris, pH 7.4. Washing was by repeated centrifugation at l000g for 4min at room temperature. After one or two washes the buffy coat was removed. The washed cell pellet was resuspended in the cell-wash solution to an approximate 40% haematocrit. A portion of the cell suspension was taken for accurate determination of the haematocrit and the known volume of the remainder haemolysed by addition of I 0 m -T r i s buffer, pH7.4 (34ml of buffer: 6ml of cell suspension) and vortex-mixed briefly. The haemolysate was left at 0°C for 10-15min and centrifuged at 28000g for lO5min in a Beckman L2-65B ultracentrifuge with a swing-out rotor. To obtain reproducibly active preparations, it was necessary for all the post-lysis centrifugations to be carried out between 9 and 10°C. Centrifugation at 28000g for lOSmin produced a red membrane pellet. The membranes were then washed three times by resuspension in IOmM-Tris buffer and centrifuged at 28000g for 1 h. This produced a layer of fluffy, white or faintly pinkish membranes, together with a pellet of cell debris and haemoglobin. The membranes were dispersed by brief vortex-mixing and decanted into a fresh tube for storage, whereas the pellet of debris remaining in the centrifuge tube was washed once in IOmM-Tris buffer by vortexmixing and the wash added to the membranes.
ATPase activities were measured by the liberation of PI from disodium ATP (Boehringer) at 37°C. Mg2+-dependent ATPase was defined as the activity during incubation with Sm~-MgC1,/0.1 rn~-EDTA/30m~-Tris/HCl (pH7.4); (Na++K+)-dependent ATPase activity was the additional activity in the presence of loc)m~-NaC1/5mM-KCI/ 5mM-MgC12/0.1 ~M -E D T A /~O~M -T~~/ H C I (pH7.4). (Ca2++ Mgz+)-dependent ATPase activity was that found during incubation with 0.15rnM-CaCI~/SmM-MgC12/0.1 mM-EDTA/30m~-Tris/Hcl (pH 7.4). PI was measured as the phosphomolybdate complex extracted into ethyl acetate (Naylor et al., 1973) .
Variation in ATPase activities was studied in membranes prepared from three individuals once a week for 5 weeks. Three healthy males, aged 24 (J. H.), 28 (A. C.) and 32 years (A. V.), were studied. Blood samplesweretaken between 09:OOand 10:Wh. Each week, freeze-dried microsomal ATPase preparations (Sigma) were assayed along with the membrane preparation. Haematocrits were measured at the cell suspension stage of each preparation and the ATPase activities were calculated both as nmol of PI Considerable variation in erythrocyte-membrane ATPase specific activities prepared from single subjects on successive occasions was found in all three individuals examined (Fig. 1) . The standard ATPase assayed together with the membranes showed little variation in activity from week to week.
-

Variation in specific enzyme activity might have arisen from variation in the enzyme, protein or haemoglobin content of the membranes, However, on a given day, membrane preparations from a single haemolysate were reproducible in terms of protein yield and ATPase activities. Thus the centrifugation (preparation) of the membranes was reproducible. In addition, when the yield of membranes was drastically increased by using the angle rotor for the post-lysis centrifugations, the specific activities of the ATPases were unchanged. Membrane ATPase activities, determined on successive occasions, showed a marked correlation between activity expressed per litre of Vol. 6 original cell and expressed per milligram of protein in the final preparation. This correlation between activities ( r = 0.83), referred either to original material or to the final preparation, indicate that variation between individuals was not due either to variation in yield of membranes in terms of protein, or to variation in yield of enzyme. This is supported by the lack of correlation between protein yield and membrane haemoglobin content with ATPase activities in successive preparations.
The variation in ATPase specific activities cannot be explained, therefore, by variation in haemoglobin or total protein content of the membranes, variation in recovery of enzyme activity or by heterogeneity of the membrane suspensions, or by variation in the efficiency of centrifugation. The only possible variable step in the preparation was the haemolysis. Cells were lysed in a constant volume-to-volume ratio, but the haematocrit of the cell suspension varied. However, the cells were always suspended in iso-osmolar NaC1.
Our results give no methodological explanation of the observed variation in ATPase activities in sucessive samples. However, the possibilities of qualitative changes in the membrane preparation is unlikely, since the three ATPases are not affected in a similar manner. The life of the mature human erythrocyte is approximately 120 days, and it synthesizes no protein (Harris & Kelleymeyer, 1970) , so that it is unlikely that changes in ATPase activity found over periods of 2 or 3 weeks could have been due to different amounts of enzyme present in the cells sampled. The extensive washing of the membrane preparations also renders enzyme activation unlikely but this could be a possibility. Activators of (Ca2++Mg2+)-dependent ATPase have previously been found in the supernatant fluid after centrifugation of erythrocyte membranes during preparation (Bond & Clough, 1973) .
Our results on serial samples show considerable variation in ATPase specific activities, so that interpretations made from such measurement on a single preparation must be treated with caution. Considerations of this nature are important in studies where erythrocyte-membrane enzyme activities are compared between different individuals, even although the values may be absolute for any particular individual at any particular time.
